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CHEMICAL STRUCTURE OF A HUMUS-LIKE PICHENT 
S. Saiz-Jimenez and F. Martin UDC 631.4 
The chemical structure of a humus-like pigmeoc from EUrotium eahinuLatum Delacr. 
was studied by means of reductive cleavage with sodium amalgam and pyrolytic gas 
chromatography. The principal components of chis compound were hydroxytoluenes 
and pheno1s. Anthraquinones were a1so identified. The pigment is a pheno1ic 
polymer with polypeptides or proteins bound to che aromatic nucleus. 
INTRODUCTION 
The chemical structure of soí1 humus compounds has bee'p. studied intensively in che last 
few years, mainly by cethods of oxidative or reductive decomposition, Severa! papers have de-
scribed the structure of humus-1ike pigments from Epicoccum nigrum, Stachybotrys chartarum, 
Hendersonula toruZoidea, AspergiZZus sydowi, and Eurotium echinulatum (Haider and Martin, 
1967, Martin and Haider, 1969, }~rtin et al., 1972; Saiz-Jiminez et al., 1975). 
These authors identified metabolic products in cultures and a1so substances formed dur-
ing reductive cleavage with sodium amalgam and established that funsoid pigments were syn-
thesized by oxidation and polymerization of phenolic compounds in presence of polypeptides, 
the 1atter a1so being incorporated into the po1ymer. However, Schnitzer et al. (1973) oxi-
dized pigments from AspergiZZus niger, E. nig~on, and S. chartarum with permanganate and 
identified from 5 or 6 tO 27% of the products; of these 0.9 tO 2.5% were pheno1s and 0.3' to 
5.1% were benzene carboxylic acids. They also showed [har although there was a relatively 
high pheno1ic hydroxy1 content in hydro1yzab1e fungoid humic acids, the yie1d of pheno1s was 
10w. This means either that the majority of pheno1ic hydroxy1 groups in the fungoid prepara-
rions are incorporated into cOQplex structures which are not oxidized by permanganate to 
simple phenols, or that the phenols and derived phenolic acids decompose during oxidation. 
The same authors reported that compared with oxidative methods, sodium amalgam reduction was 
barely effective and gave lit.tle information on the chemical structure of humus pigments. 
Recently, in an artic1e on the reduction of 5011 and artificial humic acids by sodium amal-
gam, Martín et al. (1974) showed that from 16 ta 59% of the ether-so1ub1e components of fun-
goid humic acids are 1iberated by this method and from 4 to 327. of these are pheno1s. This 
method may therefore he1p ta c1arify the chemistry of soi1 humus. 
Pryolysis, or the thermal decomposition of material, when cambined with che sensitivity 
2nd reso1ving abi1ity of gas chromatography, is a powerfu1 too1 which has become especia11y 
popular in recent years. Pyrolysis, normally carried out at 500 tO BOO°C, has been mase 
suitab1e'for the identification and characterization of po1ymers and capo1ymers. A1though 
even carbon-carbon bonds may be broken, che decomposition products consist not on1y of sma1i 
fragments such as methane, echane, and carhon dioxide, hue contain substancial amounts of 
large molecu1es and often monomers (Beroza and eoad, 1967). 
As ear1y as 1963, Nagar (1963), discovered the advantage of pyro1ysis combined with gas 
chromatograpby for studying the struccure5 and origins of 5011 humic acids. Later, Kimber and 
Sear1e (1970), Murzakov (1972), Gomez-Aranda et al. (1972), Martin (1975a and b), and Saiz-
Jimenez and Martin (1975) used this technique for investigating soi1, coal, and fungoid humic 
ac:ids. 
In the presenc work, C\.lO met.hods have been used to investigace the struc.cure of a hl.1J:i:¡uS 
pigment from E. echinuZatum; the reductive degradatian by sodium ama1gam and pyro1ytic gas 
chromatography. The aut.bors believe chae che data obtained help t.o c1arify che scructure of 
fungoid humus pigments. 
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MATERIAL S AND METHODS 
E. echinuZatum was isolated from vertisol soil in Southern Spain (Saiz-Jiminez, 1976). 
The ehemieal eharaeteristies of the pigment (Saiz-Jimenez, 1975b and e), the methods of so-
dium amalgam reduetion, and thin-layer ehromatographie teehniques (Martin et al., 1974) have 
been deseribed reeently. 
The system for pyrolytic gas chromatography was a Pyroprobe model 18580A pyrolyzer eom-
bined with a Hewlett Packard 5750G chromatography, with tWQ flame-ionizatian detectors. A 
stainless steel eolumn was filled with 10% UCC W 982 or OV-17, applied on Chromosorb W AW 
DMCS, 80 to 100 mesh. The program used was linear, from 60 to 250·, at arate of 6 deg/min. 
Solid samples were pyrolyzed at 700· for 10 sec in a quartz tube, 30 mm in length and with 
an internal diameter of 2 mm, placed into che sopra! platinum wire of che pyrolyzer. Com-
pounds were identified by pyrolysis of standards and by determining the eorrespondence be-
tween che retention and growth times of ea eh individual peak .as a criterion for identifica-
tíon, when che standards were pyrolyzed together with che sample. 
RESULTSAND DISCUSSION 
E. echinuZatum synthesizes phenols, anthraquinones, and also a humus-like polymer (Saiz-
Jimenez et al., 1975). Rumie acids begin to form after 18 to 20 days incubation, reaching 
3 g/liter after 3 months. Duririg che periad of rapid polymer formarían, phenols and anthra-
quinones disappear fram che medium, since chese compounds participare in polymer formarían. 
Pigment is apparently formed by an enzymic reaction and also by self-oxidation, depending 
on the pH of the medium during incubation. Saiz-Jimenez (1975a) showed that anthraquinones 
can be isolated from che polymer, formed by che fungi in an alkaline glucose-asparagine medium, 
by means of gel filtration on Sephadex G-IOO, G-25, or LH-20 and al so by ehemisorption on 
barytes, since in th~s case che majority of polymer anthraquinones are bound by hydrogen 
bonds, If the polymer is formed at 10w pH in Charek-Dox medium with a glucose eontent of 20%, 
no· significant amounts of anthraquinones are isolated. However, [hese are liberated by sodium 
arnalgam or 6odium·dithionate reduction, probably because che chemfcal bonds are broken. 
TABLE l. Compound Identified after Reduction with Sodium 
Ama1gam 
m-Cresol 
Dimethylpheno1* 
Pyrogallo1 
Resarcino! 
p-Hydroxyeinnamic acid 
Protocatechin 
p-Hydroxybenzoic acid 
2,6-Dihydroxytoluene 
3,5-Dihydroxytoluene 
" 
2,4,6-Trihydroxyto1uene 
3,4,5-Trihydroxyto1uene 
Endo-croe!n 
Emodin 
Physcic acid 
Erythro-glaucine 
Cacenarin 
Cuestino1 
Emodinanthrone 
Physcionanthrone 
.*Some dimethylphenols have identieal Rf values in the sol-
venes used. 
Table 1 sho~s che phenols and anthraquinones identified in che extracts after reductive 
decomposition. Only 11 out of 20 pheno1s and sIx oue of 13 anthraquinones ideneified in the 
culture could be observed after the polymer had been reduced with sodium amalgamo Marein et 
al. (1974) showed that sodium amalgam libera tes 20% of che phenols from the polymer and thae 
Some of [hese may decompose partially or completely durfng reduction. Saiz-Jiminez ec al. 
(1975) also showed char anchraqu1nones can be reduced into anrhrone and anthracene deriva-
tfves. 
In che case o~ pyrolyeic gas chromatography. our previous experiments have sho~~ that 
instancaneous pyrolysis volacilizes simple standard aromacic compounds wich no significanc 
formation of secondary products (Saiz-Jiminez and Martin, 1975). We teseed the resolving 
power of cwo columns. Figures 1 and 2 shows char che'OV-17 coluron separated similar com-
pounds betcer chan che UCC calumn. Therefore in subsequent experimencs only che OV-17 column 
Was used. Benzene, coluene, and phenol derivacives were separated on chis column; anthra-
quinoDes and polycyclic hydrocarbons were used as standards. Phenol derivaeives containing 
more chan two hydroxyl groups or those which contained carboxyl groups could noC be separated, 
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Fig. l. The pyrogram of a pigment from E. echinuLatum; a column of 
OV-17 on Chromosorb W AW DMCS. 
Fig. 2. The pyrogram of a pigment from E. echinuLatum; a column of 
UCC W 982 on Chromosorb W AW DMCS. 
probably because they are too polar to pass through the column. Only p-hydroxycinnamic acid 
and two of the known natural anthraquinones, chrysophenoland physcic acid separated, but the 
latter's pyrogram contained additional peaks, thus indicating that the heat treatment had 
altered the original compound. 
TABLE 2. Possible Structural Blocks ldentified by the Pyroly-
sis Method* 
Benzene (1) 
Toluene (2) 
Xylene (3) 
Phenol (4) 
o-Crespl (5) . 
m-Cresol (p-cresol)t(6) 
2.3-(3.s-Dimethylpheno1) (8) 
2.s-Dimeehylpheno1 (7) 
3.4-Dimethy1phenol (9) 
p-Hydroxycinnamic acid (10) 
2.3-Dihydroxytoluene (19) 
2,s-Dihydroxytoluene (13) 
2.6-Dihydroxytoluene (12) 
2,4-Dihydroxytoluene (11) 
3.s-Dihydroxyeo1uene (14) 
l,2-Dimethylresorcino1 (15) 
2,s-Dimeehy1resorcino1 (20) 
Anehracene (17) 
Meehylanehracene (18) 
Fluorene (16) 
*The number in parentheses is ehe peak number on the pyrogram. 
t p_ and m-cresol have an identica1 retention time in the col-
umns used; they can be separated on Chromosorb 102 columns. 
Table 2 shows ehe seructural blocks identified with the aid of pyrolysis. They do not 
correspond entirely eo ehe monomers as they are íormed from compounds which are partially 
changed by heat treatmenC. Thus cresols, phenol, toluene, and a1so Bma~l amounts of xylene 
may be formed by cleavage oí phenol derivatives. Anthracene and methy1anthracene can also 
be formed by cleavage of oxygen-containing groups from anthraquinones. le has been previou 
ly reported chac fluorene 1s formed fro,m anthraquinones during mass-5p~ct.rometric fragmenta 
tion (Beynon et al., 1959). lt i5 p05sible that fluorene is also formed during pyrolysis. 
Benzene, toluene, xylene, and polycyclic hydrocarbons may also be formed from aliphatie hyd 
carbons. 
Sodium amalgam reduction degrades froro 43 to 557. of che macromolecule, whereas pyroly~ 
degrades 50%. There are no data on the rest of the mo1ecu1e. Martin (1976) studied fulvic 
aeid residues after pyrolysis. They contained more C snd N, but less H and O than the ori¡ 
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nal samples. Pyralyzed fulvic acid may have a"highly condensed skeleton and mast of the oxy-
gen could be included in chis and not in che funccional groups. However, che aromatic nucleus 
i8 probably formed during thermal decomposition and is nat a stable condensed struct.ure r,e-
sístent to pyrolysis. Furt.her investigatian of the nucleus ls necessary in arder to salve 
chis problem. 
The data presented show chat sadium amalgam and pyralysis apparently decompose che periph-
eral part of che malecule and cherefore libera te the readily cleavable phenols and anthra-
quinanes. In spite of che similarit.y, che structural blocks observed differ in some ways. 
Sodium amalgam breaks the malecules at che C-C aod C-O-C bands and Ca a les ser extent cleaves 
che eOOH group from the ring (Pipper and Posner, 1972; Martin et al., 1974). Pyrolysis may 
have the same effect, but after the primary bonq i5 braken there may be a secondary pyrolysis 
of the primary products. These secondary reactions complica te the final fragmentation pic-
tUre and disrupt ~he structural conformity between the pyrolycic products and the original 
compaunds. Pyrolysls ls a more drastie mechod than the actian of sodium amalgam and there-
fore has the limits indicated above. Nevertheless both methods mainly produce dihydroxy-
toluenes, many of which were identified in the culture liquid in the period proceeding po1y-
mer formation (Saiz-Jimenez and Haider, 1975). These toluene derivatives are formed by fungi 
by the polyketide pathway, in which the precursors are orsel1inic, 3-methylorsel1inic, and 
5-methylorsel1inic acids (Haider and Marr::in, 1967; Martin and Haider, 1971; Saiz-Jimenez and 
Haider, 1975). As shown, anthraquinones eomprise about g;;: of the whole molecule (Saiz-Jimenez, 1975) • 
During aeid hydrolysis, amino acids are liberated. Their separation has been described 
previously (Saiz-Jimenez et al., 1975). The nitrogen content of the acid hydrolyzate was 
15% [calculated according tO lshiwatari (1971)], which corresponds tO that of typical pro-
teins whose nitro gen cOntents vary be~een 14 and 19%. The results presented here indicate 
thar:: the pigment synthesized by E. echinulatum is phenolic in character. Pyrolysis-mass 
spectrometric investigations (Heuze1aar et al., 1976) also confirm that fungoid humus pig-
ments are complex phenolic-protein-like polymers, although the data indicate chaL certain 
pigments also cantain polysaecharide material. 
The authors would like to thank Kh. L. S. Mezeler for his advice and criticismo 
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